This article presents results of diatom analysis of seven sediment cores taken from various depths of the Gulf of Gdańsk between the Hel Peninsula and the coast of Gdańsk and Gdynia. Further eight cores were drilled in the northern, southern and central part of the Vistula Lagoon. The present investigations enabled the determination of: (i) differentiation of diatom assemblage zones, (ii) correlation of palaeoecological units with reference to the following stages: Mastogloia Sea, Littorina Sea, Post-Littorina Sea, including the latest environmental changes associated with an anthropogenic factor, (iii) description of the defined diatom biofacies based on statistical analysis, (iiii) reconstruction of spatial and temporal development of both basins with the emphasis on the role of inflows of sea and river waters. 
INTRODUCTION
Multidisciplinary studies of Late Quaternary geology and stratigraphy have been conducted in the Gulf of Gdańsk and the Vistula Lagoon since the 1920s. The origin and development of these areas were reconstructed using various methods (e.g. Klautzsch 1919 , Pawłowski 1922 , Pazdro 1948 , Rosa 1963 , Wypych and Nieczaj 1975 , Tomczak and Mojski 1990 , Zachowicz and Uścinowicz 1997 , Uścinowicz 2003 . Numerous biostratigraphic investigations were performed in this area because of the unique Holocene sequence of the Hel Peninsula (e.g. Schulz 1926 , Sandegren 1935 , Bohr and Sokół 1972 , Bogaczewicz-Adamczak 1982 . Environmental changes in successive stages of the Baltic Sea development have been presented from the Yoldia Sea to the Littorina Sea. Paleoecology of the last stage, the Post-Littorina Sea, in the neighborhood of the peninsula tip was discussed by Witak (2000) . Major advances in our knowledge of the fossil and subfossil diatom floras, preserved in the Holocene sediments of the Gulf of Gdańsk, have resulted from the investigations by Witkowski (1994) . The problem of the impact exerted by the Vistula River on paleoenvironmental conditions in the Gulf of Gdańsk was studied by Stachura-Suchoples (2006) . Nevertheless, diatom records of two cores studied by the latter author documented the history of the Littorina and Post-Littorina Seas. These authors distinguished the so-called anthropogenic diatom assemblage in the superficial sediments from the Gulf of Gdańsk (Witkowski 1994, Stachura and Witkowski 1997) . The postglacial development of the Vistula Lagoon was also reconstructed based on the biostratigraphic method. The monograph by Brockmann (1954) showed diatom records of 15 cores drilled in various parts of the lagoon, but these investigations were conducted during the 1920s and 1930s. More recent diatom studies were based on single cores taken from the northern and southern parts of the basin (Przybyłowska-Lange 1974, Bogaczewicz-Adamczak and Miotk 1985) . Contributions to the development of both basins were published based on the latest results of biostratigraphic investigations , Witak et al. 2006 , Witak and Dunder 2007 , Leśniewska and Witak 2008 . Numerous paleoecological aspects, however, were not included in the above-mentioned studies.
Our knowledge about the evolution of the Gulf of Gdańsk and the Vistula Lagoon is still far from being complete despite rather large data sets. Reconstruction of the paleoecological development during the marine/brackish-water stages of the Baltic Sea is particularly important for the proper understanding of its present environmental status. An inflow of sea waters on the one hand and river waters on the other played a key role in structuring the paleohydrology of both systems. The reconstruction was also determined by the development of sandy barriers, i.e. the Hel Peninsula and the Vistula Spit, which was particularly pronounced during the Middle and Late Holocene. Apart from natural factors, the anthropogenic impact on the present day environment of both basins is still of scientific interest and worth further discussion.
MATERIALS AND METHODS
The material studied consists of 15 sediment cores taken from two different environmental settings (Fig. 1) . Seven cores were retrieved with a vibro corer from the south-western part of the Gulf of Gdańsk, between the Hel Peninsula and the Gdańsk-Gdynia region. Cores 1/2001, 2/2001 and 4/2001 were retrieved in the shallower zone, whereas cores 3/2001, 5/2001, 6/2001 and 7/2001 were drilled in the deeper part of the area. The Vistula Lagoon sediments were collected at 8 sites using an Eijkelkamp corer. Boreholes ZW 8 and ZW 12 were taken near the Vistula Spit, and cores ZW 4, ZW 11 and ZW 15 were retrieved from the central part of the lagoon. Cores ZW 1, ZW 10 and ZW 14 also originate from the southern part of the basin. The whole material used for the diatom analysis was collected by the Polish Geological Institute, the Branch of Marine Geology, Gdańsk.
The sediment age was determined by means of 14 C dating (4/2001 , 6/2001 and pollen analysis (3/2001, 4/2001, 6/2001) , which was discussed in details elsewhere (Krzymińska et al. 2005) . The relative chronology of the remaining cores was based on stratigraphic correlation , Witak et al. 2006 , Witak and Dunder 2007 .
The diatom samples were prepared according to standard methods (Battarbee 1986 ). The counting method of Schrader and Gersonde (1978) was used, and between 500 and 700 valves were counted in each sample in order to estimate the percentage abundance of particular taxa. The diatoms were divided into groups according to their biotype requirements; planktonic and benthic groups were distinguished (Round 1981) . In addition, autochthonous taxa, i.e. typical of a given basin and allochthonous ones, i.e. of river origin, were distinguished in the planktonic group. Diatoms were grouped with respect to their salinity requirements according to Kolbe's (1927) halobian system: euhalobous (salinity >30 PSU), mesohalobous (5-20 PSU), oligohalobous halophilous (<5 PSU), and indifferent (0-2 PSU) and halophobous (0 PSU). The percentage content of habitat and halobian groups were counted in the core.
The identification and ecological information was obtained from the studies by Hustedt (1927 Hustedt ( -1966 , Cleve-Euler (1951 -1955 , Sancetta (1982) , Krammer and Lange-Bertalot (1986 , 1988 , 1991a , 1991b , Lange-Bertalot and Krammer (1987) , Medlin and Priddle (1990) , Pankow (1990) , Denys (1991) , Vos and de Wolf (1993) , Van Dam et al. (1994) , Witkowski (1994) , Metzeltin and Witkowski (1996) , Krammer (2000 Krammer ( , 2002 Krammer ( , 2003 , Witkowski et al. (2000) , Lange-Bertalot (2001) .
The percentage content of all ecological groups was estimated in each sample. Diatom assemblage zones (DAZ) were distinguished based on differences in the species composition, relative frequency of diatom taxa and the prevalent ecological groups. All diatom assemblage zones distinguished in the studied material were described in details by Jankowska et al. (2005) , , Witak et al. (2006) , Witak and Dunder (2007) , Leśniewska and Witak (2008) . A brief summary of results concerning the diatom flora preserved in sediments of the Gulf of Gdańsk is presented in Table 1 and Fig. 2 , whereas of the Vistula Lagoon − in Table 2 and Fig.  3 .
The degree of similarity between diatom assemblages occurring in all the studied cores was estimated based on the cluster analysis using the Bray-Curtis similarity with the group-average linkage (Bray and Curtis 1957, Clarke and Warwick 1994) . A dendrogram based on the average frequency of all taxa was produced for all diatom assemblage zones distinguished in both areas. Diatom biofacies were distinguished based on the cluster analysis.
RESULTS
Hierarchical agglomerative clustering produced two clusters at the similarity level of 25% (Fig. 4) . Cluster I includes all DAZ distinguished in the Gulf of Gdańsk basin, whilst cluster II includes zones from the Vistula Lagoon sediments. Furthermore, some groups with features of separate diatom biofacies can be distinguished in both clusters.
Diatom biofacies of the Gulf of Gdańsk
Statistical analysis of DAZ in the sediment cores from the Gulf of Gdańsk distinguished four diatom biofacies, which were represented by clusters IA, IB, IC and ID. However, two separate zones 7/2001-III and 2/2001-II appear outside these groups.
Biofacies Thalassionema nitzschioidesRhizosolenia hebetata f.
hebetata -Pseudosolenia calcar-avis. Group IA includes all diatom assemblage zones observed in the Littorina sediments from the Gulf of Gdańsk (1/2001 -I, 2/2001 -I, 3/2001 -II, 4/2001 -III, 5/2001 -II, 6/2001 -III, 7/2001 . Furthermore, it included DAZ 6/2001-II as distinguished in the Mastogloia sediments. All Littorina taphocoenoses had highest floristic diversity when compared with other zones distinguished in particular cores (Table 1) . The most striking feature of these assemblages is high variation in the frequency of marine planktonic diatoms represented mostly by Thalassionema nitzschioides, Rhizosolenia hebetata f. hebetata and Pseudosolenia calcaravis. They were accompanied by representatives of the following genera: Actinocyclus, Chaetoceros, Coscinodiscus, Thalassiosira and of Proboscia alata. The second characteristic group of this biofacies is the marine benthos, including Amphora beaufortiana, A. coffeaeformis, A. commutata, A. crassa, A. eunotia, A. graeffeana, A. helenensis, A. luciae, A. marina, A. proteus, Anaulus balticus, Austariella jamalinensis, Biremis ambiqua, Caloneis brevis, Cocconeis distans, C. hoffmannii, C. peltoides, C. scutellum var. scutellum, C. stauroneiformis, Dimeregramma minor, Diploneis bombus, D. smithii, D. litoralis, D. stroemii, D. suborbicularis, Fallacia forcipata, Fogedia acuta, F. finmarchica, F. heterovolvata, Grammatophora angulosa, G. marina, G. oceanica, Navicula arenaria, N. cancellata, N. directa, N. duerrenbergiana, N. ramosissima, N. bipustulata, N. palpebralis, Paralia sulcata, Petroneis humerosa, P. latissima, P. marina, Opephora krumbeinii, O. pacifica, O. schwartzii, Rhabdonema arcuatum, R. minutum Brackish-water benthos, including numerous diatom taxa, was the most important component of these assemblages. Three species: Planothidium delicatulum, Opephora guenter-grassii, O. mutabilis played the main role in this biofacies. These taxa were associated with other forms represented by Cocconeis, Diploneis, Fallacia, Fragilaria and Navicula. Taxa belonging to the Fragilaria genus were the most diverse amongst them and were represented by F. amicorum, F. atomus, F. bronkei, F. cassubica, F. geocollegarum, F. improbula, F. Actinocyclus normanii f. subsalsa -Fragilaria martyi DAZ be -93%, pl aut -1%, pl all -5%; eu -0%, meso -0%; ol hal -1%, ol ind -99% Littorina Sea II ZW 4-IV 30-0 22/11 Aulacoseira granulata -Fragilaria heidenii -Stephanodiscus neoastraea DAZ be -20%, pl aut -3%, pl all -65%; eu -0%, meso -0%; ol hal -1%, ol ind -99% Post-Littorina Sea V ZW 4-III 75-30 31/13 Aulacoseira granulata -Aulacoseira italica -Fragilaria martyi DAZ be -20%, pl aut -5%, pl all -60%; eu -0%, meso -0%; ol hal -1%, ol ind -99% Campylodiscus spp. -Actinocyclus normanii f. subsalsa -Opephora guenter-grassii -Fragilaria martyi DAZ be -75%, pl aut -20%, pl all -15%; eu -1%, meso -15%; ol hal -10%, ol ind -70%
Littorina Sea II ZW 10-IV 30-0 67/30 Cyclotella meneghiniana -Fragilaria martyi DAZ be -65%, pl aut -30%, pl all -3%; eu -0%, meso -30%; ol hal -20%, ol ind -50% Post-Littorina Sea V ZW 10-III 90-30 92/32 Cyclotella spp. -Actinocyclus normanii f. subsalsa -Staurosira spp. DAZ be -60%, pl aut -25%, pl all -5%; eu -0%, meso -25%; ol hal -5%, ol ind -75% Post-Littorina Sea IV ZW 10-II 170-90 67/29 Staurosira spp. -Hippodonta hungarica -Cyclotella atomus DAZ be -70%, pl aut -10%, pl all -10%; eu -0%, meso -20%; ol hal -5%, ol ind -70% Post-Littorina Sea III ZW 10-I 300-170 56/23 Campylodiscus spp. -Opephora mutabilis -Fragilaria martyi DAZ be -95%, pl aut -1%, pl all -5%; eu -5%, meso -30%; ol hal -2%, ol ind -60%; Littorina Sea II ZW 11-IV 17-0 26/17 Cyclotella meneghiniana -Staurosira venter -Aulacoseira granulata DAZ be -15%, pl aut -0%, pl all -85%; eu -0%, meso -0%; ol hal -0%, ol ind -100% Post-Littorina Sea V ZW 11-III 40-17 30/16 Aulacoseira granulata -Fragilaria heidenii DAZ be -10%, pl aut -1%, pl all -90%; eu -0%, meso -0%; ol hal -0%, ol ind -100% Post-Littorina Sea IV ZW 11-II 140-40 24/15 Aulacoseira granulata -Fragilaria heidenii -Pseudostaurosira brevistriata -Staurosira venter DAZ be -25%, pl aut -1%, pl all -75%; eu -0%, meso -1%; ol hal -1%, ol ind -98%
Post-Littorina Sea III ZW 11-I 330-140 39/11 Cyclotella choctawhatcheena -Actinocyclus normanii f. subsalsa -Aulacoseira granulata -Stephanodiscus neoastraea DA be -15%, pl aut -1%, pl all -85%; eu -0%, meso -1%; ol hal -5%, ol ind -95%
Littorina Sea II ZW 12-IV 52-0 85/29 Fragilaria sopotensis -Opephora guenter-grassii -Amphora spp. -Cocconeis spp. DAZ be -85%, pl aut -3%, pl all -5%; eu -3%, meso -20%; ol hal -5%, ol ind -60%
Post-Littorina Sea V ZW 12-III 150-52 75/85 Aulacoseira granulata -Stephanodiscus hantzschii -S. neoastraea DAZ be -80%, pl aut -1%, pl all -20%; eu -5%, meso -15%; ol hal -5%, ol ind -70% Post-Littorina Sea IV ZW 12-II 215-150 86/30 Amphora pediculus -Amphora inariensis DAZ be -90%, pl aut -1%, pl all -2%; eu -0%, meso -5%; ol hal -5%, ol ind -80% Post-Littorina Sea III ZW 12-I 630-215 105/33 Campylodiscus spp. -Amphora spp. -Aulacoseira spp. DAZ be -50%, pl aut -15%, pl all -15%; eu -1%, meso -15%; ol hal -10%, ol ind -65% Littorina Sea II ZW 14-IV 30-0 74/38 Opephora mutabilis -Amphora pediculus -Fragilaria martyi -Staurosira spp. DAZ be -80%, pl aut -1%, pl all -15%; eu -3%, meso -8%; ol hal -3%, ol ind -75%
Post-Littorina Sea V ZW 14-III 80-30 111/36 Aulacoseira spp. -Stephanodiscus spp. DAZ be -50%, pl aut -15%, pl all -35%; eu -0%, meso -1%; ol hal -7%, ol ind -85% Post-Littorina Sea IV ZW 14-II 220-80 102/35 Aulacoseira granulata -Aulacoseira italica -Staurosira spp. DAZ be -60%, pl aut -5%, pl all -30%; eu -0%, meso -1%; ol hal -10%, ol ind -80% Post-Littorina Sea III ZW 14-I 340-220 120/36 Campylodiscus spp. -Actinocyclus normanii f. subsalsa -Aulacoseira spp. DAZ be -70%, pl aut -10%, pl all -20%; eu -1%, meso -5%; ol hal -15%, ol ind -70% Littorina Sea II ZW 15-III 20-0 19/13 Staurosira venter -Fragilaria martyi -Aulacoseira granulata DAZ be -50%, pl aut -0%, pl all -50%; eu -1%, meso -0%; ol hal -1%, ol ind -98% Post-Littorina Sea V ZW 15-II 169-60 28/18 Aulacoseira granulata -Fragilaria heidenii -Stephanodiscus neoastraea DAZ be -30%, pl aut -3%, pl all -65%; eu -0%, meso -0%; ol hal -0%, ol ind -100% Post-Littorina Sea III ZW 15-I 210-190 25/13 Aulacoseira granulata -Stephanodiscus spp. -Actinocyclus normanii f. subsalsa DAZ be -20%, pl aut -0%, pl all -80%; eu -0%, meso -0%; ol hal -1%, ol ind -99%
Littorina Sea II *Diversity: the number of taxa (species, subspecies, forms)/the number of genera **Characteristics set of taxa: the average percentage content of ecological groups; habitat: be-benthos, pl aut-autochthonous plankton, pl all-allochtonous plankton; salinity: eu -euhalobous, meso -mesohalobous, ol hal -oligohalobous halophilous, ol ind -oligohalobous indifferent These zones were distinguished in the uppermost parts of the appropriate cores and contained very specific diatoms referred to as an "anthropogenic diatom assemblage". In all mentioned units, the lowest floristic diversity was observed when compared with all zones distinguished in the marine sediments from the Gulf of Gdańsk (Table 1 ). The most characteristic group, preserved in this biofacies, contains small planktonic diatoms represented by some centric forms, e.g. Actinocyclus normanii, Cyclostephanos dubius, Cyclotella atomus, C. caspia, C. choctawhatcheeana, Stephanodiscus hantzschii, S. medius, S. neoastraea, S. parvus, Thalassiosira levanderi and by one pennate species Pauliella taeniata. All these diatoms belong to pollution-tolerant forms and prefer eutrophic waters rich in organic matter. The second striking feature of this biofacies is an increase in the abundance of some freshwater taxa preferring eutrophic conditions and represented by Amphora copulata, A. ovalis, A. pediculus, Cocconeis placentula and Statistical analysis shows that the diatom assemblage is linked to the rest of DAZ distinguished in the cores from the Gulf of Gdańsk at the 40% similarity level. This low similarity is due to the dominance of different diatom taxa. In both taphocoenoses, freshwater benthic diatoms predominant in the bottom part of the zones were replaced by marine and brackish-water forms, which dominated in the 
Diatom biofacies of the Vistula Lagoon
Cluster analysis of units distinguished in the sediment cores retrieved from the Vistula Lagoon demonstrates the presence of 4 groups: IIA, IIB, IIC and IID. The following zones: ZW 1-II, ZW 1-III, ZW 1-IV are situated outside the groups (Fig. 4) .
Biofacies Amphora spp. -Cocconeis spp. -Actinocyclus normanii f. subsalsa. All diatom assemblage zones defined in the cores taken from the neighborhood of the Vistula Spit constitute cluster IIA. Their distinctive feature is a relatively high floristic diversity. This biofacies is characterized by the abundance of freshwater benthos represented by Amphora copulata, A. inariensis, A. ovalis, A. pediculus 
DISCUSSION
The results of the diatom analysis of all sediment cores enable discussion on the evolution of the Gulf of Gdańsk and the Vistula Lagoon during the Middle and Late Holocene. At that time, paleohydrological conditions of both basins were affected by various factors. The North Atlantic surface circulation pattern has long been postulated as a key factor influencing any kind of regional changes in Europe on a global scale. Migration of the Polar Front separating cold, low-salinity Arctic water masses and warm, saline Atlantic waters influenced the variability of atmospheric circulation. Amongst regional factors, climatic fluctuations of the Late Boreal -Subatlantic chronozones and indirectly related inflows of marine/brackish waters of successive stages of the Baltic Sea development played the major role. A few stages of the Baltic Sea history, i.e. the Mastogloia Sea, the Littorina Sea and the Post-Littorina Sea, are included in this time interval. Moreover, changes in the environmental status were induced by local factors, with the input from river waters being the most important one.
The location of the coring side in the Gulf of Gdańsk and in the Vistula Lagoon provides an interesting field laboratory for reconstruction of spatiotemporal changes in the environmental status of the study area. There are two different environmental settings, including the Gulf of Gdańsk with its wide connection to the open sea and the Vistula Lagoon developed behind a sandy barrier. Apparently, both environments were usually connected to each other with the Gulf of Gdańsk, thus affecting the development of the barrier and the lagoon. Therefore, analysis of diatom taphocoenoses allows us to discuss in detail the role of open sea waters and river inflows in shaping its past hydrology in the last three Baltic Sea development stages.
Mastogloia Sea stage
Middle Holocene sediments were found both in the Gulf of Gdańsk and in the Vistula Lagoon. Changes of paleoecological conditions in the first basin, triggered by ingression of saline waters due to the eustatic rise of the ocean level in the Late Boreal chronozone, were recorded in three cores 5/2001, 6/2001 and 7/2001. The poor state of preservation and the high degree of fragmentation of frustules, probably caused by mechanical and chemical destruction during the inflow of sea waters in all taphocoenoses, limited the possibility of complete reconstruction of contemporary biocoenoses. The striking tendency in diatom records was noted, although the low level of similarity shows the difference between the floristic spectrum and frequency of major diatom taxa. Freshwater benthic diatoms, which prefer slightly alkaline eutrophic waters, predominated at the bottom of Mastogloia DAZ. Towards the top, they were replaced by taxa preferring shallow, more saline waters. Variations in the frequency of diatom ecological groups clearly indicate that apart from vertical changes in paleoecological conditions, horizontal variability is documented in the littoral zone of the Mastogloia Sea. As evidenced by the mass occurrence of halophilous, brackish-water and marine diatoms, intrusions of saline waters played a crucial role in the hydrological regime of the whole Gulf of Gdańsk. However, the higher frequency of marine plankton in DAZ 5/2001-I and DAZ 6/2001-II may indicate that the influence of open sea waters was stronger in the western part of the area. This phenomenon is undoubtedly related to the absence of a sandy barrier, i.e. the Hel Peninsula, at that time. Simultaneously, the salinity was significantly lower in the eastern part of the study area, a condition which is recognized by a low frequency of the open sea taxa and the abundance of freshwater taxa. Such a diatom assemblage indicates partial freshening caused by the inflow of river waters. Results of sedimentological studies performed in this area indicate that at the turn of the Early and Middle Holocene, alluvial cones formed by the Vistula River were located at the depth of ca. 20 m, to the west of the recent mouth (e.g. Mojski 2000 , Uścinowicz 2003 . Therefore, the influence of open sea water must have been limited in the vicinity of the mouth region.
The stage of the Mastogloia Sea was not recorded in the Vistula Lagoon. Nevertheless, sediments of the appropriate age were found, although represented by completely different facies. The oldest deposits occur in the lower part of the four cores: ZW 4, ZW 10, ZW 14 and ZW 15. According to Zachowicz and Uścinowicz (1997) , these sediments originated from various environments and represent lacustrine, swampy and riverine facies. Pollen data indicate that the terrestrial stage lasted at least till the Early Atlantic chronozone (Zachowicz 1985) . At that time this area was covered by forest where due to climatic amelioration, pine and birch were gradually replaced by elm, tilia and oak (Bogaczewicz-Adamczak and Miotk 1985).
Littorina Sea stage
The Littorina Sea stage is characterized by climatic amelioration in the Atlantic chronozone. The Holocene climate optimum is directly related to the enhanced North Atlantic Current activity, which transported warm and saline Atlantic waters further north. Water exchange through the Danish Straits became more intensive due to climatic and glacioeustatic factors. This fact is well documented although the study area is rather distant from the entrance area to the Baltic Sea. Transgression of sea waters progressed and inundated the littoral zone as a consequence of the sea level rise. This impact is recorded in all cores taken from the Gulf of Gdańsk and the Vistula Lagoon.
Environmental changes were particularly pronounced because of the geographic location, in the Gulf of Gdańsk, which has a broad connection with the open sea. At that time, however, intensified erosion occurred at some locations in the Gulf of Gdańsk. As indicated in the results section of the study, part of the Middle Holocene deposits was eroded. Pollen data indicate a lack of the Atlantic chronozone in cores 3/2001 and 4/2001 . The effects of erosional processes can be observed within the diatom assemblage of DAZ 3/2001-II, where two hiatuses occurred. Moreover, generally poorly preserved diatom assemblages were accompanied by rich diatomaceous detritus. Fortunately, diatoms were well preserved in other assemblages occurring in the sediments from the Gulf of Gdańsk. It was interesting that the highest floristic diversity was observed in all the distinguishable Littorina zones, where numerous taxa have a low preservation potential, e.g. The zones corresponding to the Littorina Sea cover the sediments dated at the Atlantic and Subboreal chronozones. They were dated using radiocarbon techniques and pollen analysis. The palynological analysis of core 6/2001 showed the presence of the Atlantic deposits underlying the Subboreal deposits. Pollen corresponding to the Subboreal chronozone occurred in cores 3/2001 and 4/2001. It is noteworthy that all DAZ in the Littorina sediments of the Gulf of Gdańsk are grouped into one biofacies of Thalassionema nitzschioides -Rhizosolenia hebetata f. hebetataPseudosolenia calcar-avis. Diatom assemblages, in our interpretation of the Littorina Sea stage, are unique in their species composition and should be regarded as a very valuable biostratigraphic indicator. The species composition was strongly influenced by a distinct increase in water salinity in the whole Baltic Sea, and salinities at that time significantly exceeded the present values. A rise in the salt content resulted in the immigration of new taxa into the Baltic Sea. Many diatom species, which nowadays are known only from the western part of the Baltic Sea, occurred in the Littorina sediments much further eastward.
The higher total frequency of marine plankton, observed in the Littorina sediments of cores 3/2001, 5/2001, 6/2001 and 7/2001 , indicates the key role played by the inflows of open sea water masses in the formation of the paleoenvironmental conditions in the deeper part of the Gulf of Gdańsk. However, the abundance of planktonic marine taxa could have been caused by a local factor overlapping the regional forcing. The NW part of the Hel Peninsula was rather narrow at that time and was also slightly elevated (Uścinowicz 2003) . The poorly developed spit was often disrupted by heavy storms, thus diatoms could have been subjected to lateral transport from the open sea to the Puck Lagoon. Such diatoms were observed in the Littorina sediments in the vicinity of the Kuźnica Deep (Witak 2002) . Radiocarbon dating of peat layers show that the SE part of the peninsula extended until the end of the Atlantic chronozone beyond Jastarnia and Jurata (Bogaczewicz-Adamczak 1982) . The sandy barrier only partially separated the Outer Puck Bay, therefore inflows of saline waters were much less limited than later.
Freshwater allochthonous plankton (Aulacoseira granulata and A. italica) occurred abundantly in the Littorina sediments of cores retrieved from the shallower part of the Gulf of Gdańsk. The mass occurrence of both species clearly reflects a very strong influence of the Vistula waters on the hydrological regime of the southern part of the study area. At that time the Vistula River discharged into the Gulf of Gdańsk (Mojski 2000) . Paleogeographic maps show the occurrence of alluvial cones near Sopot and Gdańsk (Uścinowicz 2003) , close to the location of the coring sites of 1/2001, 3/2001 and 4/2001. The freshwater impact on this area could have been strengthened by the climatic factor. As previously evidenced by other studies, an increase in temperature and humidity was observed at the turn of the Middle and Late Holocene (e.g. RalskaJasiewiczowa et al. 1998) . The intensification of river inflows, including the Vistula River, and a high frequency of floods were recorded in the period from 5.0 to 4.3 ka BP (e.g. Starkel 2001) . A sharp decrease in the content of diatoms typical of the Vistula (below 10%) was recorded in the cores located in the deeper part. This may indicate a decreased river discharge into that area.
Many diatom taxa preferring nutrient-rich waters (Amphora spp., Aulacoseira spp., Chaetoceros spp., Cocconeis spp., Epithemia spp., Karayevia spp., Pseudostaurosira spp., Staurosira spp.) occurred abundantly in transgression sediments, which reflects the presence of eutrophic conditions in the Littorina stage. It is possible that eutrophication of the Gulf of Gdańsk was connected with the direct eastward flow of the saline North Sea waters with a high nutrient content. This process could have been additionally enhanced by the intensive inflow of the Vistula River carrying a large biogenic salt load.
The influence of the Littorina Sea was also registered in the Vistula Lagoon. However, diatom assemblage zones corresponding to this stage, are not grouped into one biofacies as in the Gulf of Gdańsk, but they are scattered in cluster II. This fact clearly indicate that the paleoecological conditions were variable during the second stage of the lagoon development. Spatial differentiation of the environmental conditions was further complicated by the asynchronicity of the Vistula Lagoon inundation. The diatom record showed that the first inflows of sea waters of the Littorina Sea through the Vistula Spit onto the existing land were recorded in the northern part of the present day basin. Two sandy layers with diatom flora observed in the lowermost part of cores ZW 8-I and ZW 12-I (Witak and Jankowska 2005) could be related to two peaks described by Przybyłowska-Lange (1974) in the Atlantic sediments. It might indicate the existence of a small narrow basin, which developed along the Vistula Spit in the early Littorina stage (Uścinowicz 2003) . Next, the area of the lagoon distinctly increased in the Late Atlantic and Early Subboreal chronozones due to consecutive inflows of sea waters and the ground-water level rise linked with climatic amelioration.
The distribution and frequencies of diatoms preferring waters of increased salinity clearly indicate that the Littorina Sea waters were of much lesser importance in the Vistula Lagoon compared to the Gulf of Gdańsk. A very low content of euhalobous and more abundant mesohalobous taxa, particularly in the northern part of the lagoon, indicate that the inflow of sea waters was limited by the presence of the sandy Vistula Spit barrier. The Vistula Spit had been easily disrupted during heavy storms before the origin of the oldest generation of dunes in the Early Subboreal (Mojski 2000) . The wave action from heavy storms is recorded in the vicinity of the spit where washover fans are interspersed with lagoonal muds (Zachowicz and Uścinowicz 1997) . These phenomena could also be reflected in the abundance of the planktonic form of Actinocyclus normanii f. subsalsa in ZW 8-I. It could be an indication of more intensive penetration of open sea water near Krynica Morska rather than further eastward. The lower frequency of this taxon in ZW 4-I and the lowest record in ZW 1-I and ZW 10-I indicated that marine surges reached the southwestern coast of the basin. This hypothesis can be supported by the mass occurrence of the brackish-water species Opephora mutabilis in ZW 10-I and the presence of eu-and mesohalobous diatoms in Lake Druzno (Przybyłowska-Lange 1976). The lower content of mesohalobous forms in the lower part of core ZW 14, located near Frombork, indicated that the influence of sea waters on the hydrology of the southeastern coast was weaker than in the Tolkmicko area.
On the other hand, the mass occurrence of Aulacoseira spp. clearly indicates that river waters affected the sediment formation in the Vistula Lagoon to a great extent, perhaps greater than anything else. Their role was recorded even in the earlier phase of the basin development, when the water body was limited to the northern part of the present day lagoon. Aulacoseira spp. was observed in two diatom-bearing layers occurring in the lower part of ZW 8-I and ZW 12-I. The direct influence of the river discharge distinctly decreased after the enlargement of the reservoir surface and westward and eastward migration of its coastline. This process is well documented by the decrease in the frequency of A. granulata in ZW 12-I.
The Post-Littorina Sea stage
The climate deteriorated in the so-called Neoglaciation period as a result of southward migration of the Polar Front and enhanced the East Greenland Current activity. The water exchange between the Baltic Sea and the North Sea was reduced due to regressive tendencies ca. 4 ka BP in the area of the Danish Straits. Consequently, a distinct salinity decrease was recorded in the PostLittorina stage in numerous Baltic Sea regions, including the Gulf of Gdańsk and the Vistula Lagoon. The environmental conditions of both areas was another crucial factor determining the development of spits. Intensive processes of accumulation caused the formation of the Hel Peninsula, which was a more stable structure than during the Littorina Stage.
Both regional (decrease in salinity) and local (development of the spit) factors induced distinct changes in the floristic spectrum in the Gulf of Gdańsk. In all Post-Littorina taphocoenoses described in the Gulf of Gdańsk, grouped in two biofacies of Planothidium delicatulum -Opephora guentergrassii -Catenula adhaerens and Cocconeis neothumensisFragilaria spp. -Catenula adhaerens, the number of diatom taxa was lower than in the Littorina stage. Many open sea planktonic diatoms disappeared, i.e. Actinocyclus subtilis, Actinoptychus senarius, Chaetoceros danicus, C. mitra, Proboscia alata, Rhizosolenia hebetata f. hebetata, Thalassionema nitzschioides, Thalassiosira angustelineata, T. lineata, T. oestrupii, T. tetraoestrupii. Other representatives of this group, such as Actinocyclus octonarius, Chaetoceros diadema, C. paulsenii, Coscinodiscus spp., Pseudosolenia calcar-avis, Skeletonema marinoi, Thalassiosira decipiens occurred less frequently than before. The lower taxonomic diversity, noted in the Post-Littorina deposits of the Gulf of Gdańsk, is also reflected in distinct changes in the benthic euhalobous taxa. The following representatives of this group disappeared: Amphora arenicola, A. commutata, A. eunotia, A. helenensis, A. luciae Lyrella abrupta, Navicula bipustulata, N. cancellata, N. palpebralis, N. ramosissima, Nitzschia compressa, N. constricta, Opephora burchardtiae, O. krumbeinii, O. schwartzii, Petroneis spp. and Rhabdonema spp. were recorded rarely or even sporadically. Simultaneously, a distinct increase in brackish-water and halophilous benthic diatoms was observed in Post-Littorina sediments.
Distinct changes in the group of indifferent oligohalobous taxa were also recorded. Firstly, allochthonous freshwater planktonic species, typical of river waters, e.g. Aulacoseira granulata and A. italica became rare components in both biofacies. Other representatives of the freshwater plankton, Cyclostephanos spp. and Stephanodiscus spp., were rarely or sporadically observed. It may be, therefore, concluded that the influence of Vistula waters was much weaker than previously. Two environmental factors may explain this phenomenon. Firstly, Starkel (2001) has previously postulated that the amount of water transported by the Vistula River decreased in the Subboreal chronozone. Moreover, the inflow of river waters into the Gulf of Gdańsk was reduced because the Vistula formed a delta with numerous arms before discharging into the Vistula Lagoon. The culmination of this process took place in the Subatlantic chronozone. At that time even small rivers, e.g. the Radunia river, discharged into the coastal zone of the Vistula Lagoon. Nonetheless, the higher frequency of C. neothumensis in the biofacies of Cocconeis neothumensis -Fragilaria spp. -Catenula adhaerens could indicate freshening of the western part of the study area by the Vistula waters.
Some arms of the Vistula delta were cut off in historical times, but despite this fact, river waters continued the transport of dissolved nutrients in the increased concentration. This is reflected in the occurrence of numerous eutraphentic or eumesotraphentic forms. Apart from the abovementioned planktonic species, numerous benthic taxa, including epiphytic ones, belonged to the groups which were often recorded in the PostLittorina stage.
Important changes took place in the Vistula Lagoon during the Post-Littorina Sea stage. Inflows of less saline waters were distinctly reduced by the stabilization of the Vistula Spit in the Subboreal chronozone. At that time, the barrier was accreting both vertically and seawards due to the supply of large amounts of sandy material. Moreover, the range was larger at the turn of the Subboreal and Subatlantic chronozones than at present due to the westward migration of the west coast of the lagoon.
Strengthening of the spit on the one hand and lagoon enlargement on the other resulted in various changes in the diatom records. Diatoms of more saline waters were replaced by species belonging to oligohalobous indifferent forms in all diatom zones of the third stage of lagoon development. The content of benthic and planktonic taxa was also variable. Taphocoenoses in the central part of the basin were strongly dominated by the freshwater species Aulacoseira granulata and A. italica. This fact indicated a very strong influence of river waters on paleohydrology in the Subboreal chronozone. Numerous arms of the Vistula River and other smaller rivers discharged large amounts of fresh waters into the shallow basin. Studies of diatoms and mollusks showed that Lake Druzno (at that time fed by the Elbląg River mostly) was still part of the southern bay of the lagoon (Przybyłowska-Lange 1976). The presence of Aulacoseira spp. in the northern part of the basin indicates a weak effect of river waters in the vicinity of the Vistula Spit.
Benthic freshwater diatoms occurred in higher abundances in the coastal zone of the lagoon. Euryhaline forms, such as Amphora spp. Cocconeis spp., Diploneis spp. Pseudostaurosira brevistriata, were recorded more frequently in the northern part of the basin than in the Littorina stage. The abundance of Staurosira spp. and Staurosirella pinnata representatives increased in ZW 1-II and ZW 10-II, respectively. On the other hand, stenohaline forms, e.g. Cavinula scutelloides, Fragilaria heidenii and F. inflata var. istvanffyi, occurred commonly in ZW 14-II. Such a distribution of halobian groups may have been an indication of the decreasing salinity in comparison with the previous stage. The same changes with respect to water salinity were postulated by Przybyłowska-Lange (1974) and by Bogaczewicz-Adamczak and Miotk (1985) . The occurrence of steno-and euryhaline diatoms may also confirm the thesis of spatial differentiation of salinity conditions in the Late Subboreal, i.e. freshening in the vicinity of the Bauda River and higher salinity in the neighborhood of Tolkmicko.
Distinct changes in environmental conditions took place in the Vistula Lagoon region at the onset of the Subatlantic chronozone. The basin covered the largest area in its history, including almost the whole surface of the present delta plains, under humid climate ca. 2.5 ka BP (Uścinowicz 2003) . According to Ralska-Jasiewiczowa et al. (1998) , water levels in numerous Polish lakes, including coastal lakes, were very high in the Early Subatlantic. Pollen and diatom data show inflows of brackish PostLittorina Sea waters into coastal lakes at that time (Miotk and Bogaczewicz-Adamczak 1986) . These environmental changes were recorded in diatom assemblages of the fourth stage of the lagoon development.
The presence of numerous gaps in the diatom records observed in almost all cores can be linked with unstable environmental conditions, probably caused by the Post-Littorina Sea transgression. Sediments were barren of diatoms in core ZW 15. The largest impact of the open sea waters was registered in the northern part of the lagoon. This event is recorded by the presence of benthic euhalobous taxa in biofacies IIA. Moreover, a higher frequency of mesohalobous diatoms was observed in the vicinity of Piaski. The highest frequency of Actinocyclus normanii f. subsalsa (an open-sea planktonic species) was noted in the sediments of the Krynica Morska region. The diatom record of ZW 1 and ZW 10 showed that sea waters reached the southern coast in the western part of the lagoon.
Much lower frequency of euhalobous, mesohalobous and oligohalobous halophilous diatoms in the vicinity of Frombork probably indicated that an increase in the water salinity was reduced due to heavy river-water discharge. This is reflected in the abundance of Aulacoseira spp. Numerous peaks of A. granulata and A. italica recorded in the south-western part of the lagoon (ZW 1) may have been caused by floods, which occurred frequently at that time (Kasprzycka 1999 , Starkel 2001 . The abundance of Stephanodiscus parvus in the lower part of ZW 1-III could also be related to the highest water level in the Vistula Lagoon. However, its extremely unstable record could have been derived from early human impacts. Archeological data show that the western and northern parts of the Elbląg Upland were densely settled with maxima occurring during periods of 2.5-2.2 and 2.0-1.5 ka BP (Kasprzycka 1999) . Farming in this area collapsed due to climatic deterioration and great floods in the 4 th and 5 th centuries, and the region became depopulated again. Those changes in the anthropogenic activity could be recorded in the diatom taphocoenose of DAZ ZW 1-III.
Human impact on environmental conditions both in the Vistula Lagoon and the Gulf of Gdańsk has increased considerably since the Middle Ages (Starkel 2001) . Development of agriculture has resulted in deforestation and a distinct reduction of grazing areas. Transport of eroded sediments from the delta surface shows a significant increase due to enlarged Vistula River branches. The Nogat, previously a separate river, joined the Vistula in the 13 th and 14 th centuries. The whole delta area was frequently flooded, a situation which led to the depopulation and collapse of the economy. Cyberski (1995) estimated that approximately 150 great floods occurred in the period between the 16 th and 19 th centuries. Ice-jam floods caused destruction of dikes during the Little Ice Age. The location of the Vistula mouth moved as a result of these events (Cyberski et al. 2006) . The first attempt to regulate the river flow was undertaken after a great flood in 1829. This regulation was completed after the next tragic flood in 1888. An artificial mouth of the Vistula near Świbno was excavated. The Szkarpawa and the Dead Vistula have been cut off since 1895 from the main river course, which flows directly into the Gulf of Gdańsk (Makowski 1995) . A new hydrological system was completed in 1915, when the Nogat was isolated by a dam. Apart from distinct changes in the hydrological regime, urbanization, progressive industrialization and an increased inflow of waste water had a strong influence only in the last 200 years. The transport of large amounts of nutrients, organic matter and pollutants by the rivers resulted in environmental degradation of the Gulf of Gdansk in general and its progressive eutrophication in particular (Cyberska 1992 , Pliński 1990 .
The apparent human impact on the structure of diatom flora is well documented in the Gulf of Gdańsk. All anthropogenic diatom assemblages with mass occurrence of small plankton and eutraphentic pollution-tolerant benthos are grouped in the biofacies Thalassiosira levanderi -Pauliella taeniataAmphora spp. -Cocconeis spp. All taphocoenoses were characterized by a small number of taxa. Although disappearance of taxa can be observed in each DAZ to a certain extent, some kind of spatial tendency can be inferred from the diatom record (Table 1) . Taphocoenoses preserved in sediments retrieved from the eastern part of the study area (i.e. cores 2/2001 and 7/2001) are characterized by the largest differences compared with the older Post-Littorina diatom assemblage zones. Unfortunately, the youngest sediments of core 1/2001 were barren of diatoms. The number of taxa that disappeared in the youngest deposits is much lower in cores taken at sites located to the north and to the west (3/2001, 4/2001, 6/2001) . Diatom assemblages affected by human impacts did not develop in core 5/2001 drilled in the westernmost part of the study area. This shift indicates that changes in the species composition are associated with the distance from the Vistula River outlet, which is the major source of waste water in this area. The group of taxa that disappeared in the uppermost sediments is represented by the following benthic taxa: Achnanthes leonardii, A. lutheri, A. minuscula, A. nitidiformis, Amphora crassa, A. crucifera, A. flebilis, A. holsaticoides, A. hybrida, A. marina, A. robusta, A. tomiakae, Aneumastus balticus, Anorthoneis excentrica, A. vortex, Caloneis crassa, Cymatopleura spp., Cymbella leptoceros, Dimeregramma minor, Encyonopsis microcephala, Fallacia balnearis, F. forcipata, F. pseudony, F. pygmaea, F. subforcipata, F. tenera, Fragilaria alpestris, F. capensis, Gomphonema acuminatum, G. minutum, G. olivaceum var. salinum, Gomphonemopsis pseudoexigua, Hippodonta lesmonensis, Kolbesia kolbei, K. ploenensis, Lyrella abrupta, Mastogloia braunii, M. pusilla, Melosira lineata, M. moniliformis, Navicula arenaria, N. concentrica, N. diluviana, N. radiosa, N. reinhardtii, N. sleviscensis, N. tripunctata, Nitzschia dippeli, N. littoralis, N. 
thermaloides, Parlibellus plicatus, Petroneis marina, Placoneis elginensis, Pleurosigma angulatum.
In a similar manner as in the Gulf of Gdańsk, changes in the number of taxa were recorded in the superficial sediments of all DAZ that belonged to the fifth stage of the Vistula Lagoon development. In this case, however, the influence of this phenomenon is much smaller ( Table 2 ). The number of species is lower in the subsurface sediments in the vicinity of Krynica Morska and higher near Piaski. The species composition was generally slightly poorer in the central and SW parts of the lagoon. A larger number of disappeared taxa was noted in diatom taphocoenoses from sediments retrieved near Tolkmicko and Frombork. It seems that the difference between the central and southern part of the lagoon resulted from differences in preservation. The diatom floras of ZW 4-IV, ZW 11-IV and ZW 15-III, as in older taphocoenoses, were much less preserved than in ZW 10-IV and ZW 14-IV.
Closing the Nogat river discharge caused an apparent reduction in the abundance of typical freshwater plankton species, e.g. Aulacoseira spp. Some freshwater benthic taxa represented by e.g. Achnanthes nitidiformis, A. rupestoides, Aneumastus minor, A. tusculus, Caloneis amphisbaena, Cymatopleura solea, Diploneis domblittensis, D. elliptica, D. oblongella, Fragilaria exigua, Gyrosigma nodiferum, Navicula angusta, Nitzschia angustatula were rarely recorded or even disappeared toward the top core. At the same time, the basin became more saline due to the inflow of sea waters through a narrow strait near Baltiysk. Intensification of the water exchange with the Gulf of Gdańsk is well documented by the presence of diatoms preferring a more saline environment. An increase in the frequency of marine taxa (Diploneis smithii, Fallacia forcipata, Nitzschia compressa var. compressa) and brackish-water ones (Fragilaria atomus, F. geocollegarum, F. schulzii, F. sopotensis, Navicula perminuta, Nitzschia levidensis var. salinarum, Opephora guenter-grassii, Planothidium engelbrechtii, P. robustum) was observed in the uppermost lagoonal sediments.
In a similar way as in the case of the subfossil flora of the Gulf of Gdańsk, the abundance of eutraphentic pollution-tolerant taxa was recorded in all diatom taphocoenoses of the last stage of the Vistula Lagoon development. At the same time, small planktonic taxa of different halobian groups represented by Cyclostephanos dubius, Cyclotella atomus, C. caspia, C. choctawhatcheeana and Stephanodiscus hantzschii commonly occurred. The distribution of the latter species from the polysaprobous group indicates that the process of environmental degradation is most intensive in the SW part of the lagoon (ZW 1-IV) and in the vicinity of Piaski (ZW 12-IV). In the former case, the degraded water quality is obviously connected with urbanization of Elbląg In the second case, this phenomenon can be related to the transport of pollution along the Vistula Spit from the Russian part of the basin or with the inefficiency of the sewage treatment plant in Piaski. On the other hand, the condition of the environment near Krynica Morska, Tolkmicko and Frombork is probably better. The abundance of oligosaprobous species, such as Fragilaria martyi associated with Pseudostaurosira brevistriata, can be indicative of the lower content of organic matter. Furthermore, other indicators of clean waters, such as Achnanthes oblongella, Caloneis lauta, Diploneis oblongella, D. parma, were observed in the sediments collected from the vicinity of Krynica Morska.
SUMMARY

Diatom taphocoenoses occurring in the sediment
cores retrieved from the Gulf of Gdańsk and the Vistula Lagoon are a useful biostratigraphic tool for reconstruction of spatial and temporal development in the Middle and Late Holocene.
The results of the diatom studies supported by 14 C data and pollen analysis indicate several shifts in the environmental state of the study area. They were linked to the subsequent stages of the Baltic Sea development, i.e. the Mastogloia Sea, the Littorina Sea and the Post-Littorina Sea. Moreover, the so-called anthropogenic diatom assemblage was identified in the sub-bottom sediments. 2. Statistical analysis of the diatom assemblage zones distinguished in all cores showed significant differences between the diatom assemblages of the Gulf of Gdańsk and the Vistula Lagoon. The low similarity level between the two separate clusters corresponding to both regions reflects significant paleoecological differences between them.
Inflows of the open sea waters were much stronger in the Gulf of Gdańsk than in the Vistula Lagoon, which developed behind the barrier of the Vistula Spit. In both cases, however, their past hydrology regime was greatly affected by the river waters. 3. Generally, the diatom biofacies defined in the Gulf of Gdańsk are connected with the age of sediments.
• The only taphocoenoses of the Mastogloia Sea were scattered in the cluster, which could be related to the poor state of diatom preservation. The higher frequency of the open sea plankton in the western part of the study area reflects stronger inflows of sea waters, which indicates the absence of the barrier in the form of the Hel Peninsula at that time. Whereas, the absence of marine plankton and the abundance of freshwater diatoms in the eastern part of the area indicates freshening of the water caused by the proximity of the Vistula River outlet.
• All Littorina taphocoenoses are grouped in one biofacies, which indicates that the most important factor determining the development of diatom flora was the inflow of open sea waters. Their strongest influence was recorded in the deeper part of the area with the maximum in the Early Subboreal chronozone. A clear decrease in the salinity was inferred in the shallower part, due to a very intensive inflow of the Vistula waters. Overlapping of regional and local factors caused the eutrophication of the area.
• A decrease in the floristic diversity is registered in the Gulf of Gdańsk in the Post-Littorina stage due to the inflow of waters with lower salinity. In two biofacies grouping Post-Littorina DAZ, planktonic and benthic forms preferring marine conditions were partly replaced by mesohalobous, oligohalobous halophilous and indifferent ones. The influence of the Vistula River on paleohydrology was weaker during the Post-Littorina stage because of the reduced water transport and its discharge into the Vistula Lagoon.
In spite of considerable reduction of the river input, the high frequency of eutraphentic and eu-mesotraphentic taxa indicated that waters of the study area were still rich in dissolved nutrients.
• The last environmental change associated with the progressive anthropopressure was registered in the near-bottom sediments. The diatom anthropogenic assemblage from the Gulf of Gdańsk was characterized by a considerable decrease in the floristic diversity, a higher number and abundance of eutraphentic and pollution-tolerant taxa representing both benthic and small-sized planktonic forms. The degree of changes in the structure of subfossil assemblages is directly related to the distance from the Vistula River mouth. 4. Whereas, the diatom biofacies from the Vistula Lagoon appear to have stronger connection with the spatial factor than the temporal one. It appears from the cluster structure that the location of sampling sites played a key role in this area.
• In the Middle Holocene, the Vistula Lagoon was a land covered by forest. The terrestrial sediments of this stage are barren of diatoms.
• The occurrence of the Littorina taphocoenoses in three diatom biofacies indicates that paleoecological conditions in the Vistula Lagoon were variable at this stage. The first biofacies resulting from the inflows of salt waters through the low and narrow Vistula Spit was recorded in the northern part of the lagoon. Due to the progress in the Littorina transgression and the ground-water level rise, as a consequence of climatic amelioration, the southern coast of the lagoon migrated southward. However, as evidenced by the low content of euhalobous and mesohalobous benthic taxa, the influence of the Littorina Sea on its paleohydrology was limited. More intensive penetration of the open sea waters is registered in the neighborhood of Krynica Morska. Sea waters could reach the southwestern coast of the lagoon, and this was reflected in the occurrence of brackish-water diatoms in the sediments collected in the vicinity of Tolkmicko and Lake Druzno. Nevertheless, the mass occurrence of freshwater diatoms in all taphocoenoses indicates that development of the Vistula Lagoon was controlled by the input of river waters. As a result of these processes, the shallow, eutrophic basin with alkaline waters developed.
• Strong influence of the Vistula and other rivers on paleohydrology of the Vistula Lagoon was recorded in the Post-Littorina stage. Diatom records showed that fresh waters reached its northern part. Due to accretion and development of the oldest generation of dunes in the Subboreal chronozone, the inflow of brackish waters from the Post-Littorina Sea was reduced.
As evidenced by the diatom record, however, the sandy barrier was probably broken near Krynica Morska and open sea waters could penetrate the western part of the basin. At the same time, the occurrence of freshwater stenohaline diatoms in the sediments collected in the vicinity of Frombork indicates very low salinity in this part of the lagoon. 
